Abstract. Docetaxel is an effective chemotherapy drug to treat breast cancer but the underlying molecular mechanisms of drug resistance are not fully understood. DNA methylation is an epigenetic event, involved in the control of gene expression, which is known to play an important role in cancer and chemotherapy drug resistance. To investigate the role of DNA methylation in docetaxel resistance in breast cancer we used two human breast cancer cell lines (MCF-7 and MDA-MB-231) that were made resistant to docetaxel. Docetaxel-resistant sub-lines were treated with different concentrations of decitabine. Global methylation and DNA methyltransferase (DNMT) activity was measured using an ELISA-based assay. Quantitative real-time PCR was used to study DNMT gene expression. Cell viability was studied by MTT assay. Global methylation was increased in MCF-7 but not significantly changed in MDA-MB-231 docetaxel-resistant cells. Decreased DNMT activity and decreased DNMT1 and DNMT3b mRNA expression was associated with docetaxel resistance in both cell lines. To investigate how the components of the DNA methylation machinery may contribute towards docetaxel resistance, decitabine (5-aza-2'-deoxycytidine), an inhibitor of DNA methylation, was used. Decitabine treatment decreased global methylation, DNMT activity and DNMT1, DNMT3a and DNMT3b mRNA expression in MDA-MB-231 docetaxel-resistant cells. In contrast, decitabine-treated MCF-7 docetaxel-resistant cells showed increased DNMT1, DNMT3a and DNMT3b mRNA expression indicating a cell line specific effect of decitabine. Decitabine treatment increased resistance in MCF-7 docetaxel-resistant cells and in the parental MCF-7 and MDA-MB231 docetaxel-sensitive cell lines, however, it did not alter response to docetaxel in MDA-MB-231 docetaxelresistant cells. This study demonstrates that changes in the DNA methylation machinery are associated with resistance to docetaxel in breast cancer cells. The use of epigenetic therapies, as a strategy to overcome drug resistance, needs to be investigated more fully to determine their effectiveness in different cancers and for different chemotherapy drugs.
Introduction
Breast cancer is one of the most common cancer types in women with more than 44,000 incidences in the UK per year. Death rates are continuously on the decline due to improved awareness, screening and treatment options, including hormonal and targeted therapy, as well as chemotherapy. One of the most effective chemotherapy drugs used in the treatment of breast cancer is docetaxel (Taxotere ® ), a taxane which is derived from the needles of the European yew tree. It inhibits depolymerisation of ß-tubulin and leads to apoptotic arrest in cancer cells. Various clinical trials have demonstrated docetaxel to be more effective than other chemotherapy drugs when used in the neoadjuvant setting (1, 2) . The overall response to docetaxel therapy in patients developing recurrence is about 50% (2) , however, many patients are either intrinsically resistant or acquire resistance during the course of chemotherapy treatment.
Several molecular mechanisms of docetaxel resistance have been identified although the precise mechanisms of drug resistance are poorly understood. The cellular target of docetaxel, ß-tubulin, which is the basic structural unit of microtubules and therefore important for structural integrity in cells, shows differential expression of ß-tubulin isotypes in docetaxel-resistant breast cancer cells (3) . Apoptotic pathways are also involved in docetaxel resistance, and antiapoptotic proteins such as bcl-2, if overexpressed, can prevent apoptosis induced by docetaxel (4) . A third known mechanism involved in docetaxel resistance is overexpression of CYP3A4, which is the predominant enzyme that metabolizes docetaxel in the liver. Increased expression of CYP3A4 mRNA was present in breast tumours from patients who tended not to respond to docetaxel (5) . Also, overexpression of the energy-dependent drug efflux pump P-glycoprotein can cause docetaxel resistance by accelerating drug efflux so that docetaxel is not accumulated properly within the cells and loses its effect (6) .
There is evidence to suggest that epigenetic modifications such as histone de-acetylation and DNA methylation may act as potential causes of drug resistance (7, 8) . Epigenetics can be described as a change in gene expression that is due to silencing of DNA, rather than mutations. DNA methylation occurs via three DNA methyltransferases (DNMT): DNMT1, DNMT3a, DNMT3b, which all add a methyl group to the C5 position of the cytosine ring of the DNA leading to 5-methylcytosine. This process can be reversed using DNA methylation inhibitors such as the widely studied, and used, inhibitor decitabine (5-aza-2'-deoxycytidine). It acts by binding to, and trapping, DNMTs and has recently been approved by the Food and Drug Administration to treat myelodysplastic syndrome. More interestingly, combination treatment with decitabine re-sensitised various cancer cells to chemotherapeutic drugs. Decitabine treatment was shown to reverse cisplatin resistance, which is common in ovarian cancer (9) , as well as hypomethylating apoptotic genes therefore increasing response to doxorubicin in melanoma cells (10) . In combination with paclitaxel, another taxane, inhibition of DNA methylation was associated with increased sensitivity in renal cell carcinoma (11) . No study, however, has examined the effect of decitabine on docetaxel resistance in breast cancer. This study investigated the involvement of DNA methylation in two human breast cancer cell line models resistant to docetaxel. In addition, the effect of decitabine on response to docetaxel was studied in these cell lines to test the hypothesis that drug resistance may be overcome using a DNA methylation inhibitor.
Materials and methods
Cell culture. Human breast cancer cell lines (MCF-7 and MDA-MB-231) were obtained from the European Collection of Animal Cell Culture (Centre for Applied Microbiology and Research, Salisbury, UK). Each parental cell line (termed docetaxel-sensitive cells) was made resistant to docetaxel (termed docetaxel-resistant cells) following sequential exposure to docetaxel (Sanofi-Aventis, Surrey, UK) at increasing concentrations, as described previously (12) . Cells were cultured and maintained in RPMI-1640 medium including L-glutamine, supplemented with 10% (v/v) fetal calf serum and 1% (v/v) penicillin/streptomycin (100,000 U/l penicillin, 100 mg/l streptomycin), at 37˚C in a humidified atmosphere containing 5% carbon dioxide.
Drug treatment. Docetaxel solution was stored and prepared as recommended by the supplier. Fresh stock solutions of docetaxel were used for each experiment to prepare working dilutions. Cells were exposed to varying concentrations of 5-aza-2'-deoxycytidine (decitabine) (Sigma-Aldrich, Poole, UK), including 0.5, 1, 2, 4 and 8 μM, for 24 h. Stock solutions of 500 μM decitabine were prepared using cell growth media as described previously, and stored at -80˚C. Fresh stock solutions of decitabine were prepared every 3-4 months, and fresh aliquots were used for each experiment. Untreated control cells consisted of cells and cell growth media only.
RNA extraction. RNA was extracted from TRIzol ® reagent frozen cells, according to the manufacturer's protocol (Invitrogen, Paisley, UK). Cells were grown to 80% confluency and 1 ml TRIzol reagent was added per flask and then further processed according to the protocol. RNA quality (A 260 /A 280 ratio) and quantity was determined by Nanodrop spectrophotometry (Nanodrop 1000 Spectrophotometer, Thermo Scientific, Loughborough, UK). RNA (2 μg) was reverse transcribed with SuperScript™ II Reverse Transcriptase (Invitrogen), according to the manufacturer's protocol, using random hexamers (GE Healthcare, Buckinghamshire, UK).
Cell viability assay. In order to measure cell viability after treatment with decitabine, the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was used as described previously (12) . Briefly, 5x10 4 cells were seeded onto a 96-well plate in 100 μl medium and incubated for 24 h prior to docetaxel treatment. Appropriate docetaxel concentrations were added at 100 μl (40 mg/ml). MTT (12 mM) (Sigma-Aldrich) was added to each well and cell viability was measured as described previously (12) . For 24 h decitabine treatment, 50 μl of the appropriate decitabine concentration (0.5, 1, 2, 4, 8 μM) was added concurrently with docetaxel to each well.
Quantitative real-time PCR. Quantitative real-time PCR was performed using SYBR green master mix (Roche Diagnostics GmbH, Mannheim, Germany), according to the following PCR conditions: initial denaturation at 95˚C for 5 min followed by 45 cycles of amplification at 95˚C for 10 sec and 60˚C for 15 sec. The amplified fluorescent signal was detected by Roche LightCycler 480 (Roche Diagnostics). Relative quantification was assessed using secondary derivative maximum (Roche Diagnostics). Gene expression was normalized to GAPDH and changes in expression measured relative to the control DNA methyltransferase activity. DNA methyltransferase activity of the cells was measured with and without decitabine treatment. Nuclear extracts were prepared according to the manufacturer's protocol (Epigentek, Brooklyn, NY, USA). Cells were treated with 8 μM decitabine for 24 h prior to extraction, and untreated cells were treated with media only. Global DNA methyltransferase activity was measured with the EpiQuik™ DNA methyltransferase activity/inhibition kit (Epigentek), according to the manufacturer's instructions. Absorbance was measured at 450 nm (DynaTechMR500, DynaTech Laboratories Inc., Chantilly, VA, USA). DNMT activity/inhibition was calculated in percent relative to the control sample (cells untreated with decitabine), according to the manufacturer's instructions.
Global methylation. Global methylation (Methylamp™ Global DNA methylation quantification kit, Epigentek) of cells was measured with and without decitabine treatment, according to the manufacturer's instructions. Cells were removed from flasks by trypsinisation, washed in PBS, and incubated in 5 ml DNA extraction solution [0.075 M NaCl, 0.024 M EDTA, pH 8.0, 0.5% (w/v) SDS, 1 mg proteinase K] overnight and centrifuged with phenol at 12 500 x g for 5 min. The resulting upper phase together with 500 μl chloroform was centrifuged as above. Again, the upper layer was taken and a total of 50 μl 3 M sodium acetate (pH 5.2) and 1 ml absolute ethanol was added and inverted several times. For DNA precipitation the tubes were incubated at -80˚C for 1 h. DNA was pelleted by centrifugation at 15,000 x g for 10 min at 4˚C and washed in 1 ml 70% (v/v) ethanol. The pellets were air-dried and re-suspended in deionised water. Total DNA of 6.6 ng/μl was used per sample. Absorbance was measured at 450 nm (DynaTech MR500, DynaTech Laboratories) and methylation status was calculated in percent relative to the control sample (cells untreated with decitabine), according to the manufacturer's instructions.
Statistical analysis. Unpaired Student's t-test was performed for all cell viability assays, quantitative PCR, and methylation experiments in order to measure differences between treated and untreated cells or between sensitive and resistant cell lines. All data, unless stated otherwise, are expressed as mean ± standard error of mean (SEM). A P<0.05 was considered statistically significant. SPSS Software, version 17 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses.
Results

DNA methylation is altered in docetaxel-resistant breast cancer cells.
To examine the contribution of DNA methylation as a mechanism of drug resistance, we compared the global methylation status between docetaxel-sensitive and docetaxelresistant breast cancer cells and also with and without decitabine. The overall methylation status was increased by 82±9.1% in MCF-7 docetaxel-resistant cells compared to their parental sensitive line (P=0.010). In contrast, the methylation status of MDA-MB-231 docetaxel-resistant cells was decreased by 17±12.8% but this was not statistically significant. Treatment with decitabine decreased global methylation in both cell lines, however, this was only statistically significant in the MDA-MB-231 cells (P=0.015) (Fig. 1) . These results suggest that gene expression may be altered due to changes in DNA methylation status in docetaxel-resistant cells.
Docetaxel resistance is associated with decreased DNMT activity. Since global methylation levels differed in MCF-7 and MDA-MB-231 docetaxel-resistant cell lines, we examined the enzymes that catalyse this process using an ELISA-based assay. Levels of DNMT enzyme were measured between docetaxel-sensitive and docetaxel-resistant breast cancer cells and also with and without decitabine. DNMT enzyme activity was decreased by 32±3.6% (P=0.007) and by 33±1.9% (P=0.035) in MCF-7 and MDA-MB-231 resistant cell lines, respectively, compared to their parental sensitive cells. Furthermore, decitabine treatment resulted in a further decrease of DNMT activity in MCF-7 docetaxel-resistant cells (P=0.023) and MDA-MB-231 docetaxel-resistant cells (P=0.029) (Fig. 2) . These results suggest that reduced DNA methyltransferase activity, leading to reduced overall DNA methylation, plays a role in acquired resistance to docetaxel in these breast cancer cells.
Altered DNMT gene expression is associated with docetaxel resistance in breast cancer cells. To examine the contribution of different DNA methyltransferases in reducing global DNA methylation, we determined mRNA expression of DNMT1, DNMT3a and DNMT3b using quantitative PCR. In MCF-7 docetaxel-resistant cells, DNMT1 was decreased by 8.4±11.6% and DNMT3b was decreased by 45.5±15.4%. In contrast, DNMT3a mRNA expression was increased (59.0±33.4%) in MCF-7 docetaxel-resistant cells compared with the parental sensitive cells. None of the DNMT mRNA expression differences in the MCF-7 docetaxel-resistant cells were statistically significant. Expression of DNMT1 was decreased by 31.4±12.7% and DNMT3b was decreased by Effect of a DNA methylation inhibitor on DNMT gene expression. Docetaxel-resistant breast cancer cells were treated with and without decitabine to examine the effect on DNMT mRNA expression. Decitabine increased DNMT1 (P=0.015) and DNMT3a (P=0.026) gene expression in MCF-7 docetaxelresistant cells and also increased DNMT3b gene expression but this was not statistically significant (Fig. 3A) . In contrast, decitabine decreased the expression of DNMT1, DNMT3a and DNMT3b in MDA-MB-231 docetaxel-resistant cells (Fig. 3B) . These results suggest there are differences in DNMT mRNA expression, altered by a DNA methylation inhibitor, between the two docetaxel-resistant breast cancer cell lines, which may reflect differences between the cell types.
Decitabine does not increase sensitivity to docetaxel in breast cancer cells.
Since we hypothesised that decitabine would reverse docetaxel resistance, and we identified changes in methylation caused by decitabine in our docetaxel-resistant breast cancer cells, we studied the effect of decitabine on response to docetaxel by MTT cell viability assay. Contrary to our hypothesis, we found that 8 μM decitabine increased resistance in MCF-7 docetaxel-resistant cells (IC 50 -resistant: 30.9±2.6 μM versus IC 50 -decitabine: 62.7±2.1 μM; P<0.0001) (Fig. 4A ). Other concentrations of decitabine (0.5, 1, 2 and 4 μM), however, had no statistically significant effect on cell viability of MCF-7 docetaxel-resistant cells. Furthermore, docetaxel response was not altered by any decitabine concentration in MDA-MB-231 docetaxel-resistant cells (Fig. 4A ). In addition, we studied the effect of decitabine on parental docetaxel-sensitive cell lines. Decitabine treatment increased resistance to docetaxel in MCF-7 (IC 50 -sensitive: 13.6±2.4 μM versus IC 50 -decitabine: 20.9±0.6 μM; P=0.007) and MDA-MB-231 (IC 50 -sensitive: 18.8±1.8 μM versus IC 50 -decitabine: 38.6±5.6 μM; P=0.004) docetaxel-sensitive cell lines (Fig. 4B ). Overall these data indicate that treatment with decitabine does not overcome resistance to docetaxel in these specific breast cancer cells.
Discussion
This is the first study to demonstrate that alterations in the DNA methylation machinery are associated with docetaxel resistance in breast cancer cells. In order to understand mechanisms underlying docetaxel resistance we have previously created two in vitro models of acquired docetaxel resistance in human breast cancer using MCF-7 and MDA-MB-231 cell lines (12) . Global methylation levels were increased in MCF-7 docetaxel-resistant cells but not significantly changed in MDA-MB-231 docetaxel-resistant cells. Decreased DNMT activity, however, and decreased DNMT1 and DNMT3b mRNA expression was associated with docetaxel resistance in both cell lines. The DNA methylation inhibitor, decitabine (5-aza-2'-deoxycytidine), as expected, decreased global methylation and DNMT activity but altered the expression of DNMT mRNA differently between the cell lines. Even though docetaxel resistance was associated with changes in the methylation machinery, treatment with a DNA methylation inhibitor, decitabine, did not overcome the resistance to docetaxel in these breast cancer cell lines. Decitabine treatment altered docetaxel response in MCF-7 docetaxel-resistant cells and in the parental MCF-7 and MDA-MB-231 docetaxel-sensitive cell lines, but not in MDA-MB-231 docetaxel-resistant breast cancer cells.
Since the global methylation status in the docetaxel-resistant sublines is altered this suggests a possible association of DNA methylation with drug resistance in these cells. In MCF-7 docetaxel-resistant cells, global methylation was increased by almost 2-fold, which is in agreement with another study that looked at methylation levels in a doxorubicinresistant breast cancer cell line (13) . Interestingly, MDA-MB-231 docetaxel-resistant cells showed a 40% decrease in global methylation compared to their parental sensitive cells.
Comparison of methylation patterns of specific genes in primary breast tumours showed that tumour-related genes are hypomethylated in estrogen-receptor negative breast tumours (14) . In addition, estrogen-receptor expression can be highly influenced by changes in the chromatin structure, which is influenced by epigenetic events driven by DNA methyltransferases or histone deacetylases (15) . The differences in global methylation that we observed in MCF-7 and MDA-MB-231 cells may reflect differences between estrogen-receptor positive (MCF-7) and estrogen-receptor negative (MDA-MB-231) cells that have been made resistant to docetaxel. Treatment with decitabine decreased global methylation levels in both docetaxel-resistant sublines, which confirmed that decitabine had a functional effect in our cell lines since it is a global DNA methylation inhibitor.
The identification of differences in global methylation status in the docetaxel-resistant sublines led us to investigate the activity of DNMTs in these cells. DNMT activity was decreased in the MCF-7 docetaxel-resistant cells, which is in contrast to the increased overall methylation status in these cells. DNMT activity was also decreased in MDA-MB-231 docetaxel-resistant cells but this reflected the decreased global methylation in these cells. Decitabine decreased DNMT activity, as expected, in both docetaxel-resistant cell lines. Decreased DNMT activity in cells with increased global methylation was an unexpected finding and suggests there may be other indirect mechanisms by which methylation can be altered in these cells.
To further investigate DNMT activity, we assessed the expression of individual DNMTs using quantitative PCR. In agreement with DNMT enzyme activity, DNMT1 and DNMT3b expression were decreased in both docetaxelresistant cell lines. This is in contrast to other reports associating increased DNMT1 and DNMT3b expression with acquired drug resistance in murine neuroblastoma (16) . Analysis of the DNMT3 promoter region revealed that the DNA methylation machinery itself is possibly regulated by DNA methylation (17, 18) . The 5' upstream region of the DNMT gene showed full promoter activity and this region lies within a CpG-rich site (17) . DNMT3a has three promoter regions of which exons 1A and B are flanked by a CpG-rich region (19) . In contrast, exon 1C is flanked by a CpG-poor region. Deletion experiments in this study showed that exon 1A is possibly involved in DNMT3a promoter activity, which suggest that DNA methylation of the promoter region may negatively regulate DNMT activity. DNMT3b, on the other hand, has two promoter regions, exons 1A and B. Upstream of exon 1A is flanked by a CpG-rich region, whereas exon 1B is not. The fact that exons involved in DNMT3 promoter activity are flanked by CpG-rich regions suggests that the DNMT3 promoter, and therefore DNMT3 expression itself, is regulated by DNA methylation, thereby indicating that enzyme activity is regulated by methylation. This may explain why, in the present study, both docetaxelresistant cell lines showed decreased DNMT3b expression and enzyme activity. In addition, it has been shown that different DNMTs are differentially expressed during the cell cycle. DNMT1 and DNMT3b are downregulated in G0/G1 phase whereas DNMT3a shows relatively constant expression throughout the cell cycle in bladder and breast cancer cells (20) . This may explain differences in DNMT expression in our present study.
We showed that decitabine treatment decreased the expression of all three DNMT genes in MDA-MB-231 docetaxel-resistant cells. In contrast, however, decitabine treatment increased mRNA expression of DNMT genes in MCF-7 docetaxel-resistant cells. One study examined the expression of DNMT1, DNMT3a and DNMT3b in human colon cancer cells following treatment with another DNA methylation inhibitor, azacytidine (21) . This study also demonstrated that a DNA methylation inhibitor reduced expression of DNMT1 and DNMT3a, whereas DNMT3b expression was unaltered. It was not determined, however, if there was a direct interaction between the DNA methylation inhibitor and the DNMT genes. It is not known, therefore, whether azacytidine directly acts on the DNMT genes or indirectly causes inhibition of gene expression by switching on DNMT-silenced genes. There is no evidence in the literature that decitabine, in addition to its binding to DNMT enzymes, can also act on the corresponding DNMT genes. Based on our results we can speculate two possibilities which involve a regulatory feedback mechanism in the DNA methylation machinery (18) . Firstly, that decitabine directly acts on the DNMT promoters, which are known to have CpG-rich regions and hence are possibly methylated. Decitabine binding may lead to reduced promoter methylation and, therefore, increased DNMT enzyme production. This feedback loop mechanism may therefore lead to methylation of the promoter regions of the DNMT enzymes themselves, and ultimately result in decreased DNMT gene expression. This, however, was not seen in our docetaxel-resistant cells when treated with decitabine. In contrast, we noted an increased expression of DNMT1, DNMT3a and DNMT3b in MCF-7 docetaxelresistant cells treated with decitabine, indicating DNMT gene activation after treatment. This could be due to an indirect interaction of decitabine with the DNMT3 promoter. Addition of decitabine would inhibit DNMT activity, which in turn steadily reduces DNMT promoter methylation and therefore results in transcriptional activation of DNMT1, DNMT3a and DNMT3b. This possibility may explain the experimental results that we noted in the MCF-7 docetaxel-resistant cells. However, the findings in the MDA-MB-231 cells do not indicate a regulatory feedback mechanism where DNMT mRNA levels match the DNMT activity, and also decitabine consistently inhibits the DNA methylation process in this cell line. Further experiments investigating the effect of decitabine on DNMT promoter methylation would be necessary to define these relationships more clearly. Since treatment with decitabine altered the expression of DNMT1 differently in two docetaxel-resistant breast cancer cell lines, it may suggest there is no preferential binding to DNMT1 or DNMT3. It is unresolved in the literature whether there is a preferential binding of decitabine to DNMT3 (22) or equal binding to DNMT1 and DNMT3 (23) .
We identified differences in global methylation, DNMT activity and DNMT gene expression in docetaxel-resistant breast cancer cells, and therefore wanted to test the hypothesis that decitabine could be used to overcome resistance to docetaxel. Previous studies have shown that treatment with decitabine leads to increased sensitivity to chemotherapy drugs such as cisplatin (8) and paclitaxel (24) . However, decitabine did not enhance the anti-tumour effect of docetaxel in our docetaxel-resistant breast cancer cells. It was noted also that decitabine actually made both docetaxelsensitive cell lines even less responsive to docetaxel.
There is evidence that decitabine-induced cytotoxicity requires DNMT3a and DNMT3b activity (22) . We showed that DNMT3b is decreased in both docetaxel-resistant cell lines, which may also lead to reduced DNMT3 activity, therefore, limit the effect of decitabine-induced cytotoxicity in these cells. There is also evidence that p53 is involved in nucleoside-analogue induced apoptosis (25) . Azacytidine treatment in wild-type p53 cells led to G2/M arrest and apoptosis by p53/p21 activation. Knockouts of p53, however, showed diminished apoptotic events due to lack of p53 activity (21) . Since MDA-MB-231 cells have a p53 mutant genotype, this may explain why decitabine is unable to exert its cytotoxic effects in these cells. The status of p53 in the cell, however, does not account for lack of response to decitabine in the MCF-7 docetaxel-resistant cells, which have a wild-type p53 genotype. Both of the docetaxel-resistant cell lines used in this study have increased expression of MDR1 and increased P-glycoprotein expression (26) . MDR1 promoter hypomethylation has been associated with drug resistance in acute myeloid leukaemia (27) and also in human breast cancer (28) . Addition of a DNA methylation inhibitor, such as decitabine, could increase the state of hypomethylation and therefore stabilise the expression of MDR1. This possibility may explain why resistance to docetaxel was increased in our cells after addition of decitabine. In addition, epigenetic regulation like DNA methylation was associated with abnormal expression of class III ß-tubulin mRNA and protein expression in ovarian cancer cells (29) . Class III ß-tubulin expression was increased following decitabine treatment, but only in ovarian cancer cell lines that initially had low levels of class III ß-tubulin. This implies that class III ß-tubulin undergoes methylation and can be increased by decitabine. We have previously shown that docetaxel resistance is associated with increased expression of class III ß-tubulin in MCF-7 breast cancer cells (3) . This suggests an association of DNA methylation and ß-tubulin expression in our MCF-7 cell model, whereby decitabine increases class III ß-tubulin levels and therefore may decrease response to docetaxel.
In conclusion, we have shown docetaxel resistance to be associated with differences of DNA methylation status and DNA methyltransferase enzyme expression. Treatment with decitabine altered the methylation machinery in these cells; however, docetaxel resistance could not be reversed using decitabine as a DNA methylation inhibitor. It has been shown that decitabine on its own does not exert its antitumour effects (30) but drug resistance may be overcome in combination with histone deacetylation inhibitors (31, 32) . Our study suggests that decitabine may exert its effects in a cell line specific manner, which may have possible clinical implications if using this inhibitor for the treatment of breast cancer. The use of epigenetic therapies, as a strategy to overcome drug resistance, needs to be investigated more fully to determine their usefulness in different cancers and for different chemotherapy drugs.
